Introduction 28
Hemisphere warming could have led to shifts in oceanic circulation due to a reduction in GNAIW 42 production resulting in changes in deep ocean density, ventilation and CO 2 release (Broecker, 43 1998; Meckler et al., 2013) . 44
Silicic acid is an important nutrient for siliceous organisms such as diatoms and can be 45 used as a water mass tracer in the modern Atlantic because there is a strong circulation driven 46 south-north gradient in concentrations; Antarctic Bottom Water (AABW) is characterised by 47 higher silicic acid concentrations than NADW ( The extent to which AAIW and SAMW distribution and nutrient composition changed during the 61
The samples were analysed for silicon isotope composition (   28   Si,   29   Si,   30 Si) using a Neptune Multi-120
Collector Inductively Coupled Plasma Mass Spectrometer (MC-ICP-MS) at Bristol University 121 (operating conditions provided in Table S1 ). Machine blanks were monitored, and were <1% of 122 the signal on 28 Si. A full procedural laboratory blank was processed and contained Si 123 concentrations below the level of detection. Mass bias and matrix effects were corrected using 124 standard-sample bracketing, and internal Mg-doping (Hendry and Robinson, 2012). Si and Mg 125 intensities were matched within 10% (typically <5%). The silicon isotope results are reported as 126 30 Si values relative to the standard NBS28 (SRM 8546) according to equation 1: 127
(1) 128
Analysis of reference standards "diatomite" and "Big Batch", which have been characterised by 129 several research groups in an interlaboratory study, yielded a mean Si) of all of the opal samples (including "diatomite") 136 measured in this study fall on a straight line through the origin with a gradient of 0.5106 ± 0.007 137
(1 SE), falling between thermodynamic (0.5210) and kinetic (0.5105) mass-dependent 138 fractionation (Fig. 2) the Iberian margin at our OMEXII-9K core site was ~50% GAABW during HS1 the YD (Fig. 4) . at 1000 m water depth, shows that AAIW/SAMW had sufficient silicic acid concentration to 229 explain our Iberian margin record during the YD but are not sufficient to explain the high silicic 230 acid peak during HS1 (Fig. 4) . This may reflect an asymmetric zonal behaviour in the eastern and 231 western Atlantic basins during the deglaciation, or different mechanisms controlling ocean 232 circulation changes during the two abrupt events. Si record (Fig. 5) that suggest a strong link between surface 241 diatom production and deep water silicic acid concentrations. This similarity could be 242 interpreted as supporting previous models that propose that the silicic acid reached the surface 243 off NW Africa as a result of density-driven mixing between surface and deep ocean waters due 244 to the reduction of the AMOC during HS1 (Meckler et al., 2013) . However, importantly, diatom 245 productivity records from the Iberian margin do not show any correspondence with our 30 Si 246 records of deep-water silicic acid concentration (Fig. 5) . Such spatial variability and the 247 localisation, in the NE Atlantic, of deglacial opal production to the NW coast of Africa indicates 248 that there must have been an additional requirement met, as well as the presence of enhanced 249 silicic acid concentration at depth, in order to promote diatom growth at these times. 250
The most likely additional key requirement necessary to drive enhanced diatom 251 productivity is a regionally specific transport pathway of the silicic acid from depth to the 252 surface ocean, promoted by, for example, localised wind-driven processes or density-driven 253 stratification changes. In the modern ocean, the high surface productivity off the NW African 254 coast is a result of the combined influence of nutrient supply and coastal upwelling (Romero et records from a NW Atlantic core (KNR140-2-56GGC, 32° 56.3, 76° 17.7'W) from 1400 m water 295 depth show marginally higher silicic acid concentrations during the glacial compared to the 296 Holocene, and only a moderate increase in silicic acid during the deglaciation (Fig. 4) rely on changes in mode water production or composition. Collectively these records require a 308 mechanism to link biological activity in different ocean basins on rapid timescales, but which 309 cannot solely be due to increased silicic acid concentrations from any one given source. We 310 suggest an alternative explanation, in which widely-distributed regions of weakened 311 stratification during HS1 and the YD, driven by atmospheric circulation changes, formed multiple 312 conduits for nutrients and carbon to reach the ocean surface in several locations. These 313 changes triggered particularly strong diatom production in those areas directly tapping into 314 silicic acid-enriched deep SCW and thereby played a crucial role in deglacial changes in biological 315 productivity and carbon cycling. 316
Conclusions 317
Major shifts in ocean circulation, driven by changes in the density structure and wind patterns, 318 are thought to be responsible for the abrupt shifts in temperature and atmospheric CO 2 during 319 the last deglaciation, as recorded in ice and marine sediment cores, due to links with heat 320 transport between high and low latitudes, deep ocean carbon storage and biological 321 productivity. This study presents the first evidence for an increase in the key nutrient silicic acid 322 at depth, supplied to the North Atlantic during the abrupt climate events of the last 323 deglaciation. This increase in silicic acid at depth would have driven the deglacial spikes of 324 diatom growth observed in the Atlantic, in regions where physical processes would transport 325 the deeper source of silicic acid towards the thermocline and the mixed layer. A global 326
comparison of diatom growth proxies shows that these pulses of siliceous production occurred 327 near-contemporaneously in regions of the Atlantic and Pacific, but were not ubiquitous. We 328 suggest that there were widespread regions of weakened stratification during HS1 and the YD 329 that triggered not only enhanced carbon release to the atmosphere, but also major changes in 330 marine algal populations through changes in the supply of key nutrients. 
